Introduction
Ocular surface squamous neoplasia (OSSN) is a term that encompasses a spectrum of precancerous and cancerous lesions of the conjunctiva ranging from conjunctival intraepithelial neoplasia (CIN) to frankly invasive tumor with destruction of the orbit and intracranial invasion. Patients may be asymptomatic, but usually present with redness, irritation, and eye pain, which sometimes causes visual impairment. The tumor usually appears as a nodular or gelatinous plaque on the nasal side of the eye at the margin between the cornea and conjunctiva. OSSN can appear as a diffuse red eye closely resembling chronic conjunctivitis (see Fig. 1 ) [1] . Most lesions are unilateral and can be mistaken for benign conjunctival lesions such as pterygium, pinguecula or squamous papilloma. OSSN can progress in weeks to months [2] . OSSN has historically been a disease of elderly men living in areas of high ambient sunlight. However, with the advent of the AIDS epidemic, and especially in sub-Saharan Africa, the epidemiology of this disease appears to have changed dramatically, with OSSN more often being diagnosed in younger women. The incidence of the tumor is also different in different parts of the world. In the United States, the incidence is reported as 0.03 cases per 100 000 persons [3] , whereas a study from Australia reports the incidence as 1.9 cases per 100 000 persons [4] . This is in contrast to much higher incidences reported in sub-Saharan African nations [5, 6 ] . Additionally, the incidence of OSSN has been increasing in Tanzania and other parts of Africa in the last decade [5] . For example, a study from Kampala, Uganda, reported the incidence of conjunctival squamous cell carcinoma as six per million per year from 1970 until 1988, and it increased to 35 per million per year by 1992 [7] . In a study from Zimbabwe, the median age at diagnosis of OSSN was 35 years, with 70% of the patients being women. This is in contrast with the data from the rest of the world, where the prevalence of OSSN is higher in men. When calculated from a total of 1587 ocular biopsies between 1996 and 2000, the annual prevalence of OSSN in 1996 was 33% in 1996 and 58% in 2000 [8] . In a study done in Nigeria of a total of 43 eye lesions analyzed, OSSN was found in 12% of the patients [6 ] . Only one study published in 2010 from Uganda reports a seemingly recent decline in the incidence of OSSN [9 ] .
The increasing prevalence of OSSN in sub-Saharan Africa could be due to a confluence of multiple risk factors. These include ultraviolet radiation exposuresunlight, HIV infection, and HPV co-infection. The impact of these three most important risk factors for the development of OSSN is discussed below.
Sunlight exposure
Africa is almost bisected by the equator and consequently receives abundant sunshine. Solar ultraviolet radiation decreases with increase in latitude. In an elegant study, Newton et al. [10] showed that the incidence of OSSN declined by 49% for each 10 degree increase in latitude (P < 0.0001) from more than 12 cases per million per year in Uganda (latitude 08) to less than 0.2 cases per million per year in the United Kingdom at latitude greater than 508. This translated into a 29% decrease in the incidence of squamous cell carcinoma of the eye per unit reduction in ultraviolet exposure (P < 0.0001). Thus, there is a link between increased ultraviolet exposure and OSSN, although other factors contribute to the increased risk in Africa, such as HIV and HPV infection. Increased TP53 gene mutations were seen in OSSN samples when compared with benign conjunctival lesions from patients in Uganda. TP53 mutations may arise due to increased sunlight exposure, thereby contributing to the increased relative risk of OSSN [11] . In a study from Uganda, 318 patients with OSSN and 762 controls were studied. The control patients consisted of patients who were being evaluated for other ophthalmic conditions and patients from a voluntary HIV testing service without eye examinations to increase the recruitment of HIV-positive patients. In this study, the risk of OSSN was 1.7% [95% confidence interval (CI) 1.2-2.4] in patients reporting 2-4 h of sunlight exposure and 1.8% (95% CI 1.1-3.2) in patients reporting more than 5 h of sunlight exposure. Previous injury to the affected eye increased the risk of OSSN [odds ratio (OR) 2.4; 95% CI 1.2-4.5] [12 ] .
HIV infection and association with AIDS
It is recognized that immunosuppression is associated with an increased risk of developing cancer. In a metaanalysis by Grulich et al. [13] , the relative risk of cancer was higher in both HIV patients and in patients who were on chronic immunosuppression from organ transplantation. The incidence of OSSN in Uganda has increased more than three-fold with the onset of the AIDS epidemic. In a study done in Uganda and Malawi [14] , 71 and 86% of the patients with OSSN were HIV-seropositive in these countries, respectively. Nkomazana and Tshitswana [15] reported that in sub-Saharan Africa, OSSN is seen in 4-8% of persons with HIV infection (which represents a 5-6% increase over patients not infected with HIV), with reported recurrence rates of 3.2-31.2% after surgery. In a report from Zimbabwe, the relative risk of being HIV-seropositive among patients with OSSN was 3.6 (95% CI 1.5-8.6) [16] . In this study, the mean CD4 þ lymphocyte cell count level was significantly lower among patients with OSSN when compared with patients with other ocular pathologies. Similar findings are reported from the United States, where the overall standardized incidence rates (SIRs) were elevated for OSSN in patients with HIV infection (SIR 12.2; 95% CI 6.8-20.2), and this increase was greater in patients with greater sunlight exposure [17] . Data from two Kenyan hospitals where 409 patients with HIV infection were screened showed the prevalence of OSSN was 7.8% and the surgical recurrence rates were high [18] . A casecontrol study of 302 adult patients with various cancers in Kampala, Uganda, showed that HIV infection was associated with a significantly (P < 0.05) increased risk of OSSN (OR 10.9; 95% CI 3.1-37.7) based on 22 cases [19] . Data from a German study conducted on samples from Kinshasa, Congo, found no difference in frequency of CIN between HIV-seropositive or HIV-seronegative patients, but HIV-seropositive patients with OSSN were on average 17 years younger [20] . In Malawi, patients with a diagnosis of OSSN were offered HIV testing in a study. Of the patients who agreed to have HIV testing, 79% tested positive and none of them were aware of the infection. No other signs or symptoms of HIV disease were seen in 21% of these patients [21] . It is important to point out that a study that looked at AIDS-related malignancy rates in Germany did not report any OSSN, which is in contrast to reports from Africa [22 ] . In summary, there is an increase in the incidence of OSSN in sub-Saharan Africa since the onset of the AIDS epidemic and there is epidemiologic evidence of an association between these two diseases. It may be prudent to verify HIV-serostatus for all patients with OSSN in sub-Saharan Africa if their HIV-serostatus is otherwise unknown.
Human papilloma virus co-infection
Africa has the highest prevalence of HPV infection in the world, with an age-adjusted prevalence rate of 26% in women aged 15-74 years as tested by HPV PCR [23] . In a case-control study done in Uganda, HPV prevalence by PCR assay was tested on frozen biopsies from 94 squamous cell conjunctival carcinoma patients (79 HIVseropositive), 39 dysplasia cases (34 HIV-seropositive), and 285 hospital controls (128 HIV-seropositive) having other eye conditions that required surgery. Cutaneous HPV types were detected in 45% of the cases of squamous cell carcinoma of the conjunctiva, 41% of dysplasia cases, and 11% of controls [24 ] . HPV 5 and 8 were the most common types noted in squamous cell carcinoma of the conjunctiva, often occurring in combination with other types. The risk of OSSN was increased with multiple HPV genotype infection (OR 18.3; 95% CI 6.2-54.4) versus single HPV genotype infection (OR 2.3; 95% CI 1.2-4.4) [24 ] . In a small study of 10 consecutive patients with CIN done in the United States, HPV 16 or 18 DNA and mRNA corresponding to the E6 region was detected in all 10 specimens, and in none of the control specimens [25] . This is consistent with previous observations with cervical carcinoma in which the E6 protein encoded region of HPV 16 and 18 has been shown to interact with p53 tumor suppressor genes to promote carcinogenesis, which may point to a role of HPV 16 and 18 in the development of OSSN [25] . In a study that evaluated 38 OSSN specimens from Kenyan and Ugandan HIV-infected patients, HPV 18 was seen by PCR analysis in 23 of 38 (61%) specimens and double genotype HPV 16 in another six (16%) tumor specimens [26 ] . These samples were also tested for epithelial growth factor receptor (EGFR) activation. Nuclear and cytoplasmic expression of phosphorylated and total EGFR and two downstream effectors of the EGFR signal-transduction pathway, MAPK and Akt, were assessed in tissue specimens by immunohistochemistry. Immunohistochemistry and qPCR data suggest that activation and expression of the EGFR signaling pathway is related to disease progression of conjunctival carcinoma. The associations between cytoplasmic p-MAPK, cytoplasmic p-Akt, and tumor invasiveness were significant (P ¼ 0.05 or P ¼ 0.028) [26 ] . Nuclear p-EGFR appeared only in invasive tumors. A significant positive association between EGFR expression and disease invasiveness was observed (P ¼ 0.01). This could point to a role for EGFR antagonists in the treatment of OSSN. In another study done on autopsy specimens in Tanzania, where there is a high prevalence of HPV disease, 14 samples of conjunctival carcinoma were tested for HPV by highly sensitive nonradioactive in-situ hybridization technique. HPV 6/11, HPV 16, and HPV 18 were found in 84% of cases [27] . There have also been studies that do not show a relationship between HPV disease and OSSN. In one study that was done to find out whether HIV infection was associated with HPV infection in the conjunctiva, 136 lesion-free conjunctival biopsies were tested for HPV in patients who died of or had HIV infection, other infectious disease, chronic disease, or trauma. No excess of HPV infection in lesion-free conjunctiva was found at autopsy in patients who had died of HIV infection, when compared with the other groups [28] . In a German study, using PCR, Guthoff et al. [29 ] reported that all of the 32 patients with OSSN were negative for HPV infection. Newton et al. [30] showed that the presence of anti-HPV-16 antibodies was not significantly associated with OSSN (OR 1.5; 95% CI 0.5-4.3; P ¼ 0.5), but that there was a 10-fold increased risk of OSSN in HIV-infected individuals. The evidence linking OSSN to HPV and HIV co-infection in patients is evolving and further studies are needed to confirm the association (see Table 1 ).
Treatment
Surgery is the primary modality of treatment for this disease in sub-Saharan Africa. Other treatments that have been used include 5-fluorouracil (1% solution), topical mitomycin C (0.02% solution), radiotherapy, and interferon alpha-2b. The primary objective of surgery is to achieve complete removal of the tumor in order to decrease the chance of recurrence. OSSN was treated by enucleation in up to 60% of cases in a study from Nigeria [6 ] . OSSN was seen in 4-8% of HIV-infected patients in South Africa and Botswana and the recurrence rate after surgery ranged over 3.2-32% [15] . A study of 29 consecutive patients compared those treated with surgery with wide surgical margins to those treated with topical interferon alfa 2b [31] . Fifteen received topical interferon and 14 were surgically excised. Two patients in the interferon group subsequently underwent surgical excision for apparent lack of response to interferon. No patient in either group developed a recurrence during the study period. Mean disease-free follow-up was 35.6 months in the interferon group (95% CI 21.9-49.3) and 35.6 months in the surgery group (95% CI 22.9-48.3). The authors concluded that both surgery and topical interferon were effective for primary OSSN [31] . Microscopically controlled excision of conjunctival squamous cell carcinoma was found effective in one study [32] . A Ugandan study enrolled 476 patients between 1995 and 2001 to evaluate treatment modalities for corne-conjunctival squamous neoplasia [33] . Ninety-seven percent of patients had eye-conserving surgery. A total of 414 patients had OSSN (230 intraepithelial neoplasia and 184 invasive carcinoma lesions). The recurrence rate after a median follow-up of 32 months (range 0-81) was 3.2%. Sixty-four percent of these patients were HIV-seropositive. In a retrospective study of 55 patients with OSSN in Turkey (with 26 intraepithelial neoplasia and 31 invasive carcinoma lesions) who were treated with excision and cryosurgery with nitrous oxide probe, the success rate for patients with intraepithelial and invasive carcinomas was 440 Cancer in AIDS 88.5 and 87.1%, respectively, with no difference in recurrence rates between the two groups by log rank test (P ¼ 0.68) [34] . Topical mitomycin C (0.02%) has also been used successfully to treat CIN. In three patients followed for 12 months, CIN resolved with mitomycin C treatment [35] . In a study of five patients with recurrent OSSN in India who were treated with surgery, cryosurgery, and mitomycin C applied to the eye, no recurrence was seen after 1 year [36] . Potential therapeutic strategies that may evolve include a role for HPV vaccination and use of EGFR inhibitors in the prevention and treatment of OSSN, although neither has been studied [37] .
Conclusion
OSSN is on the rise in sub-Saharan Africa and contributes to significant morbidity and mortality in HIV-infected patients. Clinicians should be aware of the link between OSSN and HIV infection and should actively monitor HIV-infected patients for OSSN so that treatment could be instituted as soon as possible. In the same vein, it is also reasonable to recommend that the African patients diagnosed with OSSN should have HIV-serostatus evaluated. OSSN also appears to be more aggressive in the setting of HIV disease. Recurrence rates are higher among patients with OSSN in sub-Saharan Africa. The initial therapeutic approach to this disease is surgery. Additionally, cryotherapy and mitomycin C are also potentially good therapeutic options and should be made available to these patients. A simple intervention to decrease sunlight exposure, such as the use of sunglasses that filter ultraviolet light, is recommended. There may be a role for HPV vaccination in preventing OSSN because of the possible link between these two diseases. Further studies are necessary to clarify this association and whether providing the HPV vaccination can decrease the incidence of this disease. Randomized clinical trials comparing different treatments regimens for OSSN in sub-Saharan Africa are needed as well.
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